The 2971 kb chromosomal region of Bacillus subtilis 168 extending from 308" to 31 1 O contains 18 ORFs. Functions of most of these ORFs were identified and associated with cell wall metabolism. Sequences of two non-coding regions of 0 7 and 2-2 kb flanking the ggaAB operon involved in the synthesis of poly(3-0-&D-glucopyranosyl N-acetylgalactosamine l-phosphate), a minor teichoic acid, correspond to five degenerate segments of neighbouring protein-coding regions. We discuss the possibility that such grey holes are indicative of a chromosomal rearrangement which could have arisen from horizontal gene transfer.
INTRODUCTION
The chromosomal region of Bacillzrs szrbtilzs 168 extending from 308" to 311°, located between degS and gerB (Anagnostopoulos et al., 1993) has been shown to contain genes involved in cell wall metabolism (Young e t al., 1969; Boylan e t a/., 1972; Karamata et al., 1972) . Strains with mutations in these genes were shown to have altered phage adsorption spectra (Young, 1967; Karamata e t al., 1987; Mauel & Karamata, 1990 ; Estrela e t al., 1991) or cell morphology (Boylan et al., 1972 ; Karamata e t a/., 1972), as well as to be deficient in enzymes specifically involved in the synthesis of teichoic acids (Young, 1967; Pooley e t al., 1987 Pooley e t al., , 1991 Pooley e t al., , 1992 or in the degradation of peptidoglycan (Margot & Karamata, 1992) . The sequence as well as the physiological and biochemical characterization of these genes were previously reported -4 t D and pmi (Margot & Karamata, 1992; Margot e t al., 1994) , tagABCD (Mauel et al., 1991) , tagEF (Honeyman & Stewart, l989) , gtaB and o r -3 8 0 Abbreviations : poly(G1c-Gal NAcP), poly(3-O-~-~-glucopyranosyl N-acetylgalactosamine 1-phosphate); poly(groP), poly(g1ycerophosphate).
The GenBank accession numbers for the sequences reported in this paper are U11099 and U11100. (Soldo et al., 1993) , &RABC (Lazarevic et al., 1992) -or are presently being prepared for publication -ggaAB (P.-Ph. Freymond & D. Karamata, unpublished) and tagGH (V. Lazarevic & D. Karamata, unpublished) .
In this contribution, we summarize the main features of the 18 sequenced ORFs, forming 10 operons, and their functions identified so far. In addition, we present the sequence of two grey holes, corresponding to about 1 0 % of the region under investigation, and containing degenerate duplications of five neighbouring coding regions. 948  2640  1326  1143  768  387  201 9   2238   825  1581  1338  2700  876  1140  918   306  2115  1488   316  880  442  381  256  129  673   746   275  527  446  900  292  380  306   102  705  496   0459  9  23  0443  21  98  0355  1  32  0321  3  16  0368  1  9  0343  1  7  0331  6 * Functions deduced from sequence homology are followed by a question mark.
cia). DNA sequencing on both strands was performed using the dideoxy-chain termination method (Sanger et al., 1977 
RESULTS AND DISCUSSION
Analysis of the nucleotide sequence revealed 18 complete ORFs (Fig. l) , 15 of which begin with the AUG and three with the UUG codon (Table 1) . Each start codon is preceded by a Shine-Dalgarno sequence, at the appropriate distance, with the exception of tagF, whose spacer is somewhat longer (Honeyman & Stewart, 1989) (Fig. 2) .
Several transcriptional starts in the region were determined by primer extension analysis using RNA prepared from exponentially growing cells ( Fig. 1 ). All but one correspond to known promoter consensus sequences.
Operons btR, btABC (Lazarevic e t al., 1992) and gtaB (Soldo et al., 1993) each contain at least two promoters, one of which is recognized by the main vegetative E-a* holoenzyme. Both cell wall hydrolase genes, btC and btD ( Margot e t al., 1994) , are transcribed by the E-aD holoenzyme, which is also responsible for the transcription of chemotaxis and flagellar motility genes (Mirquez et al., 1990) . In wild-type cells another alternative factor, aB, contributes to the transcription of gtaB in the stationary growth phase (Varon et al., 1993) . However, in a AsinR mutant, transcription from aB takes place already in the exponential growth phase (Soldo et al., 1993) . Genes p m i (Margot e t al., 1994) , or-380 (Soldo e t al., 1993) and the operon tagGH (V. Lazarevic & D. Karamata, unpublished) seems to be transcribed solely by the main a factor. Inverted repeats downstream of several ORFs, are likely to correspond to p-independent terminators (Table 2) . Genes with the same orientation located between two putative p-independent terminators are considered to belong to the same transcription unit.
With the exception ofggaA andggaB, genes in the 308" to 311" sequenced region, presented here, seem to be organized in divergons, i.e. operons divergently transcribed from a common regulatory region. The central regulatory regions of divergons gerB-pmi (Corfe e t al., 1994; Margot etal., 1994) , tagAB-tagDEF (Honeyman & Stewart, 1989 ; Mauel e t al., 1991) , orfl38O-gtaB (Soldo et al., 1993) and 4tR-btABC (Lazarevic e t al., 1992) comprise 248, 399, 245 and 183 bp, respectively. These values are larger than those of the spacers separating contiguous ORFs with the same orientation with the exception of the grey hole regions (see below). The regulatory interdependence of divergon-forming operons has been shown for tagAB-tagDEF (Mauel e t a/., 1994) and btR-btABC (Lazarevic e t al., 1992) , and discussed as a possibility for gerB-pmi (Margot e t al., 1994 (-67 kJ mol-')I. It is possible that they do not invariably block transcription but might function as transcription modulators.
Finally, the overall G + C content of this chromosomal segment is 36.1 O/ O, which is lower than the total genomic G + C content of 43% (Priest, 1993) . Considerable variations are, however, present between ORFs ranging from 28.1 % for g g a A to 46.4 O h for o r -3 8 0 (Table 1) .
The known or the putative products of the 18 sequenced genes appear to be involved in the metabolism of the main cell wall constituents, the peptidoglycan and teichoic acids (Table 1) . Teichoic acid synthesis and translocation genes tagA-tagH, g a A and g a B , and gtaB are flanked on each extremity by operons encoding cell wall hydrolase activities, the amidase (LytC) and the glucosaminidase (LytD) (Fig. 1) . The non-viability of mutant strains with inactivated genes encoding biosynthetic enzymes for Karamata, unpublished) . However, mutations in genes whose products are involved in the glycosylation of poly(groP) (tagE, gtaB) and synthesis of the secondary anionic polymer poly(3-0-308" to 311" region of the B. szrbtilis chromosome 
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ORFs and their corresponding regulatory sequences amount to about 90% of the investigated region. Two non-coding segments of 0.7 and 2.2 kb, called grey holes, flank the g a A B operon. Analysis of these grey holes revealed that they are composed of several fragments similar (62-94%) to regions located within a 9 kb region surrounding the g a A B operon (Fig. 3) . The distribution of homologous regions suggests that they could have arisen from duplications followed by the thus provoked genetic instability. Another possibility is that the g a A B
operon might have been introduced in strain 168 by horizontal transfer (P.-Ph. Freymond, unpublished). The latter could account for some unusual features of g a genes, such as their low G + C content (28 YO) and possibly for the absence of the ACG (Thr) codon, present in all other genes in the region described here (Table 1 ). The data in Fig. 1 are compatible with the possibility that, before the putative recombination event, the convergently transcribed tagH andgtaB genes could have used the same terminator-coding sequence. Indeed, the sequence of the tagH terminator is identical to that of gtaB. Sequence comparison of the five degenerate fragments forming the grey hole regions (Fig. 3) with their coding homologues revealed that base substitutions leading to loss of G + C are, although to a different extent, more frequent than base substitutions which increase G + C and those which do not change the G + C content. Enrichment in A + T was observed in promoter regions, which evolve more rapidly and contain less G + C than the coding regions (Muto & Osawa, 1987) . Similarly, the G + C content in genes of any given divergon is higher than that of the spacers forming their common regulatory regions. Furthermore, the majority of the gaps in pairs of aligned sequences are found in grey hole regions; gaps of more than three bases are present exclusively in non-coding copies. This suggests that the duplicated regions have probably suffered a number of deletions.
